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Matthias Egger5, Peter Jüni5,6 and Susan Armijo-Olivo7,8
Abstract
Background: The Cochrane risk of bias (RoB) tool has been widely embraced by the systematic review community,
but several studies have reported that its reliability is low. We aim to investigate whether training of raters,
including objective and standardized instructions on how to assess risk of bias, can improve the reliability of this
tool. We describe the methods that will be used in this investigation and present an intensive standardized training
package for risk of bias assessment that could be used by contributors to the Cochrane Collaboration and other
reviewers.
Methods/Design: This is a pilot study. We will first perform a systematic literature review to identify randomized
clinical trials (RCTs) that will be used for risk of bias assessment. Using the identified RCTs, we will then do a
randomized experiment, where raters will be allocated to two different training schemes: minimal training and
intensive standardized training. We will calculate the chance-corrected weighted Kappa with 95% confidence
intervals to quantify within- and between-group Kappa agreement for each of the domains of the risk of bias tool.
To calculate between-group Kappa agreement, we will use risk of bias assessments from pairs of raters after resolution
of disagreements. Between-group Kappa agreement will quantify the agreement between the risk of bias assessment
of raters in the training groups and the risk of bias assessment of experienced raters. To compare agreement
of raters under different training conditions, we will calculate differences between Kappa values with 95%
confidence intervals.
Discussion: This study will investigate whether the reliability of the risk of bias tool can be improved by training
raters using standardized instructions for risk of bias assessment. One group of inexperienced raters will receive
intensive training on risk of bias assessment and the other will receive minimal training. By including a control
group with minimal training, we will attempt to mimic what many review authors commonly have to do, that
is—conduct risk of bias assessment in RCTs without much formal training or standardized instructions. If our
results indicate that an intense standardized training does improve the reliability of the RoB tool, our study
is likely to help improve the quality of risk of bias assessments, which is a central component of evidence
synthesis.
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Background
Systematic reviews and meta-analyses of randomized cli-
nical trials (RCTs) are central to evidence-based clinical
decision-making [1,2]. RCTs are considered the gold
standard design when assessing the effectiveness of treat-
ment interventions. Appropriately conducted RCTs may
eliminate confounding, allowing decision-makers to infer
that changes observed in the outcome of interest are caus-
ally linked with the experimental intervention.
If results of RCTs included in a meta-analysis are biased,
so will the results of the meta-analysis [3,4]. To address
this problem, it is recommended that the risk of bias in
RCTs is taken into consideration when conducting meta-
analysis. A method commonly used for this purpose in-
volves the stratification of meta-analyses according to
RCTs with low or high risk of bias.
In 2008, the Cochrane Collaboration published a tool
and guidelines for the assessment of risk of bias in RCTs
[5,6]. The risk of bias tool has been widely embraced by
the systematic review community [7]. The items in this
tool address six domains of bias, which are classified as
low, high, or unclear risk of bias. The selection of do-
mains of bias was based on empirical evidence and theor-
etical considerations, focusing on methodological issues
that are likely to influence the results of RCTs.
Several studies reported that the reliability of the risk
of bias tool is low [8-10]. Reliability of the risk of bias
tool can be assessed between two raters of the same re-
search group, when for instance, they assess the risk of
bias of RCTs included in a meta-analysis in duplicate. It
can also be assessed across research groups, if the risk of
bias was assessed for a trial included in two different
meta-analyses by two different research groups. Disagree-
ments between two raters of the same research group may
be less problematic since they will normally discuss their
ratings to come to a consensus. Disagreements between
raters from different research groups will be more prob-
lematic, for example, if for the same outcome a trial is
considered at low risk of bias in one meta-analysis, but
is at high risk of bias in another one. Low reliability of
risk of bias assessments can then ultimately have re-
percussions on decision-making and quality of patient
care [11,12].
We recently found that the reliability of the risk of
bias tool might be improved by intensive standardized
training of raters [8]. However, to our knowledge, no for-
mal evaluation of such a training intervention has been
performed. We therefore aim to investigate whether train-
ing of raters, with objective and standardized instructions
on how to assess risk of bias, can improve the within and
between pairs of rater reliability of the Cochrane RoB tool.
Here, we describe the methods and the intensive stan-
dardized training package for risk of bias assessment that
will be used in this study.
Methods/Design
Study design
This is a pilot study. The first component is a systematic
literature review to identify RCTs that will be used for
risk of bias assessment. Using the identified RCTs, the
second component of our investigation is a randomized
experiment, where raters will be allocated to two differ-
ent levels of training on risk of bias assessment: minimal
training and intensive standardized training.
Literature search and trial selection
We will search PubMed from inception using database-
specific search strategy (Figure 1). We will include every
randomized or quasi-randomized clinical trial in patients
with knee osteoarthritis that compared a physical ther-
apy intervention to another physical therapy interven-
tion, sham intervention, or no treatment, which assessed
patient-reported pain. The following physical therapy in-
terventions will be considered: land-based exercise, aquatic
exercise, manual therapy, electric stimulation therapy, and
diathermy. We will only consider studies published in
English. No further restrictions will be applied. Two
raters will screen reports for eligibility independently in
duplicate. Disagreements will be resolved by a senior
author (BdC).
Data extraction
We will use standardized, piloted data extraction forms
to extract information on publication year, sample size,
and type of intervention. We will assess risk of bias for
selected items of the risk of bias tool, namely sequence
of generation, allocation concealment, blinding (partici-
pants, personnel, and assessors), and incomplete out-
come data. Although a potentially important source of
bias, we will not assess selective outcome reporting in
our study due to feasibility issues with such assessment
[7]. Within pairs of raters, data extraction will be con-
ducted independently and in duplicate. Potential disagree-
ments within pairs of raters will be solved by discussion
until consensus is reached.
Training on risk of bias assessment
Six raters will assess the risk of bias of every included
trial. Four of these raters are doctoral students of phys-
ical therapy without previous experience in risk of bias as-
sessment, and two raters are experienced risk of bias
assessors. The experienced raters have each been involved
in over 15 systematic reviews that included methodolo-
gical quality assessment. We will use simple randomization
(computer-generated numbers http://www.randomizer.org/
form.htm) to allocate two students to minimal training and
two to intensive training. Randomization will be performed
remotely by one of the authors (SAO), who had no contact
with the students. Students will not be informed to which
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training group they have been randomized, and they will be
instructed not to discuss their training with each other to
minimize the risk of ‘contamination’ [5]. After data extrac-
tion is completed, we will ask students to guess in which
group they were allocated, whether there was any event
during data extraction that made them aware of their group
allocation, and if this affected their performance in this
study.
Minimal training will mimic assessments made by
raters without formal training. It will consist of a single
lecture for about 60 min on the definition and import-
ance of each of the assessed domains of bias, without
specific or standardized instructions on how to conduct
the assessment. In this lecture, the raters will learn how
the biases could occur in an RCT (for example, staff
recruiting patients who are not concealed to allocation
may tamper with random allocation sequences), and
they will be shown results of empirical investigations
that observed the effect of these biases in clinical treat-
ment effects. The raters will be provided with an article,
as an optional reading material, that describes the risk of
bias tool [6] as well as chapter 8 of the Cochrane Hand-
book for Systematic Reviews of Interventions [5], which
specifically addresses the assessment of risk of bias of
studies included in a systematic review.
Raters allocated to intensive training will receive the
same lecture for about 60 min. In addition, they will
receive standardized instructions on how to assess each
of the domains (Additional file 1). The standardized in-
structions were based on the Cochrane Handbook [5]
and adapted as deemed necessary to increase their ob-
jectivity and thus minimize misinterpretations for the as-
sessment of trials of physical therapy in patients with
knee osteoarthritis. One of the experienced raters (BdC)
will discuss these instructions with them and will give
them the opportunity to clarify any questions they may
have. This rater is an experienced clinical epidemiologist
who was trained by one of the authors of the risk of bias
tool (PJ) and has been involved in over 20 systematic re-
views that included methodological quality assessment.
Next, raters will assess risk of bias in a purposively se-
lected sample of ten articles, which will not be part of
the final study sample. One of the experienced raters
(BdC) will discuss their assessments after five and ten
training articles have been assessed. During these ses-
sions, disagreements between the assessment conducted
by the experienced rater and the other raters will be
identified. The experienced rater will then provide a ra-
tionale to justify his assessment, and discussion will take
place until all questions are clarified. The assessments of
the raters allocated to intensive training will thus be cali-
brated with the assessments of the experienced rater.
The raters in both groups will be instructed to not dis-
cuss their risk of bias assessment with others.
 Search Strategy* 
smreThcraeSpetS
1 Osteoarthritis [Title]. 
.]tcartsbA/eltiT[eenK2
3 AND/1-2 
.]hseM[yparehtesicrexE4
5 Electric stimulation therapy [Mesh]. 
.]hseM[yparehtordyH6
7 Diathermy [Mesh]. 
.]hseM[snoitalupinamlateleksolucsuM8
9 OR/4-8 
.]tcartsbA/eltiT[niaP01
11 Randomized controlled trial [Publication Type]. 
.]egaugnaL[hsilgnE21
13 3 AND 9 AND 10 AND 11 AND 12 
14 
Surgery[All Fields]. OR Arthroplasty[All Fields]. OR Protocol[All Fields]. OR Pilot[All Fields]. OR 
"Drug therapy"[Mesh]. 
15 13 NOT 14 
Figure 1 Search strategy. *Search strategy conducted on PubMed (http://www.ncbi.nlm.nih.gov/pubmed). The search was last updated on 20 March 2014.
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The study protocol was approved by the research eth-
ics committee of the Florida International University
(IRB-14-0110). We will obtain written informed consent
from each student rater. This study was not registered in
PROSPERO.
Analysis
We will tabulate the characteristics of included trials
and the risk of bias assessments of the three groups of
raters (minimal training, intensive training, and experi-
enced raters); before and after consensus. We will then
calculate the chance-corrected weighted Kappa with 95%
confidence intervals to quantify agreement within and
between the three groups of raters for each of the
domains of the risk of bias tool. To calculate between-
group Kappa agreement, we will use risk of bias assess-
ments from pairs of raters after resolution of disagree-
ments. Kappa values range from 0 to 1, with higher
values indicating higher agreement between raters. To
calculate the weighted Kappa agreement, risk of bias
classification will be ordered as follows: low, unclear,
and high risk of bias. Criteria proposed by Byrt [13] will
be used to interpret Kappa values. Values between 0.93
and 1.00 represented excellent agreement; 0.81 and 0.92
very good agreement; 0.61 and 0.80 good agreement;
0.41 and 0.60 fair agreement; 0.21 and 0.40 slight agree-
ment, 0.01 and 0.20 poor agreement; and 0.00 or less
will be considered to reflect no agreement.
The main outcome of our study is the comparison of
the accuracy of assessment across groups, that is, a com-
parison of the agreement between raters receiving inten-
sive training and experienced raters with the agreement
between raters receiving minimal training and experi-
enced raters. To compare agreement of raters under dif-
ferent training conditions, we will calculate the differences
between Kappa values for within- and between-group
agreement. To address deviations from normal distribu-
tion, we will bootstrap the difference in Kappa values
using bias correction and acceleration to derive 95% confi-
dence intervals and P-values [14]. Please see Additional
file 2 for assumptions used for the power analysis.
To explore whether quality of reporting influences agree-
ment, we will stratify the analysis according to publication
date (before the first CONSORT statement revision in
2001 vs 2001 [15] and later; and before the latest CON-
SORT statement revision in 2010 [16] vs 2010 and later),
assuming that reporting quality of RCTs in physical ther-
apy improved after the publication of the CONSORT
statement [17,18]. To investigate whether methodological
quality influences agreement between raters, we will stra-
tify the analysis by trial size (<100 and ≥100 patients ran-
domized per trial arm), assuming that trial size is
associated with methodological quality [19]. A sensitivity
analysis will be conducted on larger (≥100 patients
randomized per trial arm) trials published after 2010
(i.e. after the latest revision of the CONSORT state-
ment was published). All P-values will be two-sided. Ana-
lysis will be conducted in STATA, release 13 (StataCorp,
College Station, TX).
Discussion
This study will investigate whether the reliability of the
risk of bias tool can be improved by training raters using
standardized instructions for risk of bias assessment. We
will calculate Kappa coefficients to quantify the agree-
ment between experienced raters and inexperienced raters.
Two inexperienced raters will receive intensive training on
risk of bias assessment and the other two will receive min-
imal training. By including a control group with minimal
training, we will attempt to mimic what many review au-
thors commonly have to do, that is—conduct risk of bias
assessments of RCTs without any formal training or stan-
dardized instructions. If our results indicate that an inten-
sive standardized training does improve the reliability of
the risk of bias tool, our study is likely to help improve the
quality of risk of bias assessment, which is a central com-
ponent of evidence synthesis [4]. The standardized training
package for risk of bias assessment could then be used by
organizations such as the Cochrane Collaboration and the
systematic review community at large. By publishing this
protocol, we would also like to make the objectives and
pre-specified study design transparent to readers, as has
been recommended for methodological studies [20].
Strengths and limitations
Our study had two major strengths. First, we will include
raters completely inexperienced with the risk of bias as-
sessment to investigate the effect of intensive training on
the reliability of the risk of bias tool. By including inex-
perienced raters, we believe we will be more likely to ob-
serve an effect of intensive training, if one indeed exists.
If raters were already experienced with the risk of bias
assessment, there could be limited room for improve-
ment as postulated in a previous study that investigated
the effect of training on a similar method for metho-
dological quality assessment [21]. Second, raters will be
randomly allocated to training groups, and central
randomization will be performed to conceal the random
sequence of allocation. We acknowledge that this ap-
proach may not create a balanced distribution of poten-
tial confounders across the two training groups due to the
low number of individuals randomized, but the group of
students randomized will be fairly homogeneous and con-
founding therefore unlikely.
Our results can potentially be influenced by perform-
ance bias. If raters in the control group understand that
they are not receiving the best training available in our
study, they may feel discouraged to try and perform risk
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of bias assessments as best as they can. This could in
turn lead to an artificially lower reliability of the risk of
bias tool with minimal training as compared to intensive
training. Alternatively, they could seek additional train-
ing elsewhere or be prompted to self-study. To try and
minimize the risk of such performance bias, raters will
not be informed to which training group they have been
randomized, and they will be instructed to not discuss
with each other any characteristics of their training. The
use of minimal training as a control intervention may
lead to an underestimation of the effect of our intensive
training, however. Although ‘no training’ could be used
as a control intervention instead of minimal training,
this could substantially increase the risk of performance
bias in our study, as explained above.
Although the standardized instructions were primarily
based on the Cochrane Handbook instructions for risk
of bias assessment, we added or adapted some of the cri-
teria to facilitate raters’ decision-making in the present
investigation. Some of these criteria are not solely based
on empirical evidence but also on our own experience
with analyses of individual RCTs and meta-analyses of
RCTs (Additional file 1). The main example concerns
the assessment of incomplete outcome data. To facilitate
decision-making, we used thresholds of drop-out rates
to define low and high risk of bias for assessing incom-
plete data. These thresholds were chosen based on evi-
dence that this drop-out rate could be linked to biases
[22,23]. Moreover, some of these adaptations may not
apply to systematic reviews with different research ques-
tions. For instance, because outcomes in our sample of
physical therapy trials could potentially be influenced by
at least some degree of performance bias, blinding of pa-
tients and therapists were by definition deemed neces-
sary. Conversely, the Cochrane Handbook recommends
that raters first assess the need for patient and therapist
blinding in each trial in light of the outcome of interest
and to take this information into consideration when
assessing the risk of performance bias. Although we fully
agree with this recommendation, it was not included in
our standardized instructions for the reason explained
above.
The low number of raters randomized to intervention
groups will be a limitation for the generalizability of our
findings. Due to feasibility issues, we included the min-
imal number of participants needed to calculate Kappa
agreements within each study condition. If results of the
present investigation indicate that intensive training may
indeed improve the reliability of the risk of bias tool, a
future study including a larger number of raters could repli-
cate our methods to address this limitation. Generalizability
may be further hindered by the characteristics of the trials
assessed in our study and of the individual providing the
training on risk of bias assessment. Accuracy of the risk of
bias assessment could vary if trials with different patient
populations, interventions, and outcomes were assessed.
Likewise, the quality of the training on the risk of bias as-
sessment may vary according to the skills of the person
who provides the training and the method used to deliver
such training.
Previous research
The risk of bias tool has been extensively used in many
Cochrane reviews, albeit the information of the inter-
rater reliability of the risk of bias tool is rather limited.
To date, five studies [9,10,24-26] have investigated the
inter-rater reliability of the risk of bias tool, but none
have proposed and investigated ways to improve its reli-
ability. The inter-rater agreement for the individual do-
mains of the risk of bias tool has been found to range
from poor (Kappa = 0.13 for selective reporting) to sub-
stantial (Kappa = 0.74 for sequence generation) [25]. Our
team recently investigated the between-group Kappa
agreement of the risk of bias tool comparing ratings from
Cochrane reviewers to ratings from our team [8]. Most of
our Kappa values were considerably higher than those re-
ported in previous studies. We suspect two key factors
may explain these differences. Although we used the
Cochrane Handbook guidelines for risk of bias assess-
ments, we first predefined specific decision rules to assess
the individual domains of the tool. Second, we used an in-
tensive training for the raters to standardize the decision-
making process. This could partly explain the results of
our previous study. The current study will investigate this
hypothesis.
Additional files
Additional file 1: Guidelines for evaluating the risk of bias in
physical therapy trials with patients with knee osteoarthritis.
Additional file 2: Assumptions of the power analysis.
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